138                 XIV. CHANGES OP STATE OF AGGREGATION.
the "reduced" pressure, volume, and temperature, will be the measures of these quantities taking their critical values for the particular gas considered to be the units. Then van der Waals' equation assumes the form
or (213)
This equation is independent of the gas considered and it follows that according to van der Waals' Law the isothermal curves of different gases are the same family of curves and differ only in the horizontal and vertical scales representing the pressure and volume.
139. Critical phenomena for other  (p, v, T) equations.    The
general arguments of the last article but one as to the existence of discontinuous changes of state and critical points are not peculiar to van der Waals' Equation but lead to the following general conclusions:
(1)   If for   certain  values   of p, T,   say pl} Tl}   the  (p, v, T) equation of a substance when solved for v has three real roots, then when the substance is compressed or allowed to expand at temperature T! a discontinuous change of state must occur somewhere.
(2)  If for  some   other value of Tl? say T2,   two   of the  roots remain imaginary  for   all values   of p,   the initial  and final states corresponding to  the  discontinuous  change  can be connected by a continuous series of transformations by suitable changes of temperature.
(3)  In this case a critical point will exist a,nd will be determined by making three roots of the (pvT] transformation all equal.
(4)  If the critical volume, pressure and temperature are known, we have three  equations  to determine  the constants  in  the p, v, T equation of the gas.
For convenient reference we subjoin the following list of empirical equations that have been proposed by different physicists as representing approximately the (pvT} equations of imperfect gases. But of these it will be seen that the first three fail to account for liquefaction or critical phenomena; they have now been superseded, and are chiefly of historic interest
(214)                    pv^ST-^ (EanUne*)
(215)                     P~ = B - f Jf (Joule & Thomson*)
(216)                  pv = BTl-        (Eegnault)
1) Phil. Trans. 1854            2) Phil. Trans. 1862.